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■原　著■　
Abstract:  To examine the regulatory mechanism of leaf closure in the insectivorous plant 
Venus flytrap, light and electron microscope studies on the distribution of motor cells, the ul-
trastructure of those cells, and the intra- and extracellular movement of various ions during 
leaf closure were performed in a specified region near the midrib at the middle of the blade. 
Light microscope observation revealed that one or two well-arrayed hypodermal cell layers 
were present beneath the epidermis. In hypodermal and epidermal cells, during leaf closure, 
the cell volume measured by the montage method decreased significantly on the adaxial side 
and increased significantly on the abaxial side, indicating their major contribution as motor 
cells to leaf closure. Electron microscope observation showed that motor cells of hypodermal 
and epidermal cell layers contained electron-dense materials located along the inner surface 
of tonoplasts. On the adaxial side, electron-dense materials found as flattened sheets changed 
shape to numerous small globules during leaf closure. An inverse change in electron-dense ma-
terials in the structure was found on the abaxial side. Since the structural change of electron-
dense materials is correlated with the volume change of motor cells during leaf closure, they 
may play a significant role turgor variation in those cells. Quantitative X-ray microanalysis of 
cryosections showed that, during leaf closure, the concentration of K decreased significantly in 
the vacuolar electron-dense material, vacuolar lumen, and cell walls on the adaxial side, while 
it increased on the abaxial side. In the blade region near the midrib, K ions released from the 
vacuolar electron-dense material in the adaxial cells may cause the movement of water to the 
abaxial region, and eventually turgor movement by the swelling of abaxial motor cells. The 
reciprocal Ca movement between adaxial and abaxial motor cells during leaf closure indicates 
the possible role of Ca ions in regulating the turgor pressure. 
Keywords:  seismonastic leaf closure, Venus flytrap, cell volume change, vacuolar electron-
dense material, ion movement, quantitative X-ray microanalysis
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のタンニン関与 9, 11, 12) を検討するために硫酸鉄によ
る細胞化学を試みた。また、電子顕微鏡を用い、膨
圧変化に伴う運動細胞の微細構造変化の観察を行な





市販のハエトリソウ Dionaea muscipula Ellis を購入



















片を 0.1 M の燐酸緩衝液（pH 7.2）で希釈した 6%
グルタルアルデヒド液に浸し、4℃で 24 時間前固定
した。次に、同燐酸緩衝液と蒸留水で洗浄した後、

















化を評価できるモンタージュ法 9, 18-20) を適用した。
捕虫葉中肋側中央部（駆動部）に分布する全細胞の
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オミクロトーム（Leica Ultra UCT/EM FCS）に凍

















分析時の観察倍率を 15,000 倍、加速電圧 80 kV、試
料ホルダーの傾斜角度を水平位から 15˚ に設定し、
ビームスポットサイズを 4 に設定した。電子ビーム
を直径およそ 0.1 µm になるように集束させ、分析対




System SIX）を用い、定量測定の理論 13-15, 23) に従い、
特性 X 線の X 線強度（Px）と連続 X 線由来のバッ
クグランド（4.5~5.5 keV）の X 線強度（Bx）の強
度比（P/B 比）を求めた。これに、用いた分析電子
顕微鏡における各元素のウェイトファクター（Wx）

















Fig.1.  Light microsope images of a Venus flytrap leaf, 
cut transversely near the midrib at leaf opening state. A. 
Low magnification view, showing adaxial side in upper 
part and abaxial side in lower part. B. Enlarged view of 
adaxial side, showing epidermal (AdⅠ ) and hypodermal 
(Ad Ⅱ ) cell layers. C. Enlarged view of abaxial side,
 showing epidermal (AbⅠ) and hypodermal (AbⅡ , AbⅢ ) 
cell layers.  Note secretory glands localized on the surface 
of adaxial epidermis. Scale bar, 200 µm（A）and 100 µm (B, 
C).






































Table 1.  Cross-sectional areas of epidermal and hypodermal cells in leaf central regions near the midrib at opening and 











で、さらにその外表面は厚さ約 0.5 µm のクチクラ
層で覆われていた。また、表面には、クチクラ層に
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Fig.2.  Electron microscope images of Venus flytrap leaves, 
showing epidermal and hypodermal cell layers. A and B. 
Cross-sectional view of adaxial side in leaf opening state 
(A) and closing state (B). C and D. Cross-sectional view of 
abaxial side in leaf opening state (C) and leaf closing state 
(D). EC: extracellular space, E: epidermis, SG: secretory 






















Fig. 4.  Light microscope images of transverse sections, 
cut manually from living Venus flytrap leaves at leaf clos-
ing state, showing a part of leaves near the midrib. Left 
and right indicate adaxial and abaxial sides, respectively. 
A. Cross-sectional view before cytochemical FeSO4 stain-
ing. B. Cross-sectional view after 2 hr from cytochemical 
FeSO4 staining, showing structures well stained with 
FeSO4 in epidermal and hypodermal cells. Scale bar, 0.5 
mm. 
Fig.3.  Electron microscope images of hypodermal cells in 
Venus flytrap leaves. A and B. Cells of adaxial side (AdⅡ ) 
in leaf opening state (A) and closing state (B). C and D. 
Cells of abaxial side (Ab Ⅱ ) in leaf opening state (C) and 
leaf closing state (D). Note the inverse structural change 
of vacuolar electron-dense materials (arrow heads) local-
izing along the inner surface of tonoplast between adaxial 
and abaxial sides in addition to the leaf opening and clos-


















液胞内高電子密度構造、液胞、および 細胞壁の X 線
マイクロアナリシスを行った（Fig.5 内標識 ● , ▽ , 
■）。Fig. 6 は、X 線マイクロアナリシスの一例で、
開状態捕虫葉向軸側細胞内の高電子密度構造分析で
得られた X 線スペクトルを 0.90 keV から 4.20 keV
のエネルギー範囲で示したものである。低エネルギ
ー領域から順に、Na-Kα線（1,041eV）、Mg-Kα線


















相対的に Ca のピークは大きかった。この K と Ca
Fig. 6. Examples of X-ray spectra obtained from the vacu-
olar electron-dense material found in the adaxial motor 
cells of Venus flytrap, at the leaf opening state (A) and 
the leaf closing state (B). Labels indicate spectral peaks of 
respective element-line emission. The ordinate gives the 
number of X-ray events, and the abscissa shows the X-ray 
energy in keV (range 0.90~ 4.20 keV).
Fig. 5. Cryosection images of Venus flytrap leaves, show-
ing abaxial hypodermal cells (Ab Ⅱ ) in leaf opening state 
(A) and leaf closing state (B). X-ray maicroanalyses are 
performed at points of the electron-dense material ( ● ), 
the vacuole lumen ( ▽ ) and the cell wall ( ■ ). Scale bars, 









に、Na と Cl のスペクトルパターンは殆ど変化して
おらず、濃度も殆ど変化していなかった（表 2）。一
方、K と Ca が逆相関となるピークパターン変化を
示すことは向軸側と同様であったが、それぞれのピ
ーク高の変化は向軸側とは逆になっており、閉合に











合時には元の大きさの 71 % まで小さくなっていた。
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Table 2.  Concentrations of various elements in the electron-dense structure in vacuole, the vacuole and the cell wall of epi-



















外への水の移動調節に K イオンや Ca イオンなどが
大きく関わっていることがオジギソウの振動傾性反


























































これを支持し、K イオンと Ca イオンの連動移動が
報告されている 9) が、ハエトリソウでは、各測定部














Fig. 7.  Diagram showing the ion movement and water in 
the motor cells of Venus flytrap leaf at the leaf closure. As 
a result of movement, shrinkage is caused in adaxial cells 
and swelling is caused in abaxial cells. Dark granules and 
flattened sheets along the inner surface of tonoplast indi-
cate electron-dense materials.
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